Plant-based drugs have been used worldwide in traditional medicines for treatment of various diseases. World plant biodiversity is the largest source of herbal medicine and still about 60-80 % world population relies on plant-based medicines, which are being used since the ancient ages as traditional medicine. India is the largest producer of medicinal herbs and appropriately called the botanical garden of the world. It is now clear that the medicinal value of these plants lies in the bioactive phytochemical constituents that produce definite physiological effects on the human body. These natural compounds also formed the base of modern drugs as we are using today [1] [2] [3] .
Schleichera oleosa (Lour.) Oken, commonly known as Lac tree or Kusum, is a forest species of tropical and subtropical region. The tree is utilized for multifarious purposes and production of natural, biodegradable and commercially important lac resins that serve as a livelihood support to millions of poor farmers [4] . It also has many medicinal uses and is used in traditional medicine for several indications. The powdered seeds are applied to wounds and ulcers of cattle to remove the maggots. The bark is used as an astringent and against skin inflammations, ulcers, itching, acne and other skin infections [5] . It is generally used as an analgesic, antibiotic and against dysentery [6] . Recently, it was reported that the bark along with water is used to treat menorrhea [7] .
Hence the present investigation was taken up to study the physicochemical characteristics, phytochemical constituents, fluorescence and thinlayer chromatography (TLC) analysis of leaves of S. oleosa (Lour.) Oken extracted with petroleum ether, chloroform, ethyl acetate, ethanol and water and also to perform qualitative and quantitative analysis of some secondary metabolites and minerals present in this plant [8] .
MATERIALS AND METHODS
Fresh leaves of S. oleosa were collected during May 2015 from the forest regions of Kanyakumari District, Tamil Nadu. The plant material was identified and authenticated in the Botany Laboratory, Central Council for Research in Ayurveda and Siddha (Government of India), Tirunelveli, Tamil Nadu. Voucher specimens were preserved in the department herbarium library (PS-08/14/1/5/15).
Taxonomy and nomenclature:
Synonym(s): Schleichera Trijuga Willd & Klein, family: Sapindaceae. Vernacular/common names: lac tree (English), kusum (India), pongro (French, Khmer of Cambodia), gum-lac tree (Filipino), kasambi (Indonesian), kusambi (Malay), takhro (Thai) [9] . Scientific synonyms are Cussambium oleosum O. Kuntze, Pistacia oleosa Lour. Schleichera trijuga Wild. [4] . The vernacular names are Kusum, Kusam (Hindi); Sagada (Kannada); Pava, puvan (Tamil), Pusuku (Telugu) [4] .
Processing of the sample:
Fresh leaves of plants were washed well using tap water followed by washing twice using distilled water and were dried in the shade for a period of 10-15 d, at an ambient temperature of 33°. After drying, leaf materials were crushed into small pieces. The dried samples were ground properly to obtain a coarse powdered, which was stored at room temperature till used in the investigation [10, 11] .
Macroscopic evaluation:
The leaves were collected from the surrounding environment. The fresh leaves were deep green in colour. The leaves were separated from the stem and shoots, cleaned manually and kept over a dry plastic sheet and macroscopic characters of the fresh leaves were noted. A magnifying glass and scale were used to measure the parameters like morphology, length, width, shape, surfaces, venation, presence and absence of petiole, the apex, margin, base, lamina and texture [12] [13] [14] .
Fluorescence analysis:
The fluorescence analysis of the plant was done by placing dry, powdered leaves on a slide and observing the colour changes under visible and UV lights after treating with several drops of specific reagents such as ammonia, acetic acid, 1 N hydrochloric acid, 1 N nitric acid, 1 N sulphuric acid, 10 % ferric chloride, I 2 solution and 1 N sodium hydroxide. Similarly, different solvent crude extracts were observed without adding any reagents under visible and UV light. The development of colour was noted within 1-2 min in order to avoid drying and resultant colour change [12, 15, 16] .
Preparation of extracts:
The dried, powdered leaf material (500 g) was extracted successively with petroleum ether, chloroform, ethyl acetate, ethanol and water in the increasing order of polarity by hot percolation method using a Soxhlet apparatus. After distillation, the resultant extracts were collected in a clean dry glass beaker. The extracts were evaporated to dryness in a Buchi rotary vacuum evaporator (Rotavapor R-210, Switzerland) at 40-50° and the final extracts were kept at low temperature for further investigations [17, 18] .
Physicochemical standardization:
Standardization of the extracts of S. oleosa leaves was carried out as per guidelines of WHO and different procedures listed in the pharmacopeia. The standardization studies on different physicochemical parameters including extractive values in different solvents, total ash, water-soluble ash, acid-insoluble ash, moisture content and loss on drying (LOD) were carried out [19, 20] . Cold maceration estimated water and alcohol-soluble extracts according to the method prescribed by World Health Organization (WHO). All estimations were performed six times and the result, which was presented as mean±standard error of the mean (SEM).
Total ash value:
The total ash value gave an estimate of the total material remained after ignition. About 2 g of the dried crude drug was accurately weighed in a silica crucible and incinerated gently at first and gradually increased the temperature to 675±25°, until free from carbon. Then the ash was cooled in a desiccator and weighed. The percent of ash was calculated with reference to the air dried powder. The procedure was repeated to get the constant weight [21] .
The total ash was boiled with 25 ml of water for 5 min and filtered through ash less filter paper (Whatman No. 41). The insoluble matter was collected in a filter paper followed by washing with hot water. The filter paper was ignited in silica crucible for 15 min at a temperature not exceeding 450°. The remaining ash was cooled in a desiccator and weighed. Subtracting the weight of the water-insoluble matter from the weight of the total ash yielded the weight of water-soluble ash. Percent watersoluble ash in the dried powder was calculated [21] .
Sometimes, variable inorganic constituents like calcium oxalate, silica and carbonate content of the crude drug affected the total ash value. Such variables were removed by treating the total ash powder with hydrochloric acid. The acid-insoluble ash measures the amount of silica, especially as sand and siliceous earth present in the plant material. The acid-insoluble ash was determined from the total ash obtained. It was boiled for five minutes with 25 ml of 2 M hydrochloric acid and filtered through an ash less filter paper (Whatmann No. 41). The collected insoluble matter was washed with hot water, ignited in a silica crucible and cooled in desiccator. The residue was weighed and the acid-insoluble ash of the plant material reference to the air-dried powder was determined [21] .
Sulphated ash value:
A silica crucible was heated to redness for 10 min, allowed to cool in a desiccator and weighed. About 1 g of the dried crude powder was accurately weighed in a silica crucible and ignited gently at first until the substance is thoroughly charred. Then cooled and the residue was moistened with 1 ml sulphuric acid, heated gently until the white fumes no longer evolved and ignited at 800°±25° until all black particles have disappeared. Then the crucible was allowed to cool, few drops of sulphuric acid were added and heated. The process was repeated and weighed [21] .
Determination of LOD:
The test for LOD determines both water and volatile matter. About 5 g of the powdered plant material was accurately weighed in a flat tarred weighing bottle. The bottle was dried in an oven at 105º for 1 h. It was cooled in a desiccator and again weighed. The LOD was calculated with reference to the amount of airdried powder taken [21] .
Determination of crude fibre content:
Estimation of crude fibre content represented the measurement of the content of cellulose, lignin and cork cells in the plant tissue. Here the plant material was defatted and boiled with dilute acid and alkali to eliminate the soluble material. The excess of crude fibre might indicate adulteration with woody tissues like kernels. The crude fibre content was determined by the method recommended in USP XX. About 2 g of the coarse powder of the plant material was accurately weighed and extracted with ether. The marc was boiled with 200 ml of 1.25 % sulphuric acid for 30 min under reflex in a 500 ml flask. The mixture was then filtered through tarred filter and the residue was washed with boiled water until free from acid. The residue was again transferred into the flask and boiled with 200 ml 1.25 % sodium hydroxide solution under reflex for 30 min. Then the liquid was filtered quickly through a tarred filter. The residue was washed with boiling water until it became neutral. Then the residue was dried in a hot air oven at 110° and weighed. After weighing the residue, it was incinerated and weighed again. The difference in the weight of the residue before and after incineration provided the crude fibre content of the plant material [22] .
Determination of swelling index:
The swelling index is the swelling of 1 g of plant material under specified conditions. Plant materials may have specific therapeutic or pharmaceutical utility because of their swelling properties, especially the gums and those containing mucilage, pectin or hemicellulose. About 1 g of coarse powder of the plant material was transferred into a 25 ml glass stoppered measuring cylinder containing 25 ml of water. The mixture was shaken thoroughly every 10 min for 1 h. Then it was allowed to stand for 3 h at room temperature. After that, the volume occupied by the plant material, including any sticky was measured. This method was used to determine the amount of active constituent present in the plant material, which are soluble in particular solvent [23] .
Extractive value:
This method was used to determine the amount of active constituents present in the plant material, which are soluble in given solvent. Extraction of any crude drug with a particular solvent yielded a solution containing different phytoconstituents soluble in that solvent [24] . About 5 g of powder was accurately weighed and placed in a round bottom flask containing 100 ml of ether, which was subjected to continuous extraction in a Soxhlet apparatus for 20 h. Then the extract was transferred into a porcelain dish, allowed to evaporate spontaneously followed by drying it over phosphorous pentoxide for 18 h and weighed. Finally, the percent ether-soluble extractive was calculated [24] .
Five grams of the powder was macerated with 100 ml of alcohol of the specified strength in a closed flask for 24 h shaking frequently during 6 h and allowed to stand for 18 h. It was filtered rapidly taking precautions against loss of alcohol; 25 ml of the filtrate was evaporated to dryness in a tarred flat bottomed shallow dish, dried at 105° and weighed. The percent of alcoholsoluble extractive was calculated with reference to the air-dried drug [24] .
About 5 g of the powder was added to 50 ml of water at 80° in a stopper flask. It was shaken well and allowed to stand for 10 min, cooled to 15° and to it 2 g of kieselghur was added and filtered. About 5 ml of the filtrate was transferred to a tarred evaporating basin (7.5 cm in diameter), the solvent was evaporated on a water bath, drying was continued for half an hour, finally it was dried in a hot air oven for 2 h and weighed.
The percent of water-soluble extractive was calculated with reference to the dried drug [24] .
Phytocemical screening of the plant material:
Phytochemical screening was performed to detect the presence of secondary metabolites that could be responsible for curing ailments. The phytochemical screening of the plant extract was carried out for all the extracts, as per reported standard methods [25] [26] [27] .
Quantitative phytochemical test:
Alkaloids were estimated by weighing 5 g of the sample into a 250 ml beaker and 200 ml of 10 % acetic acid in ethanol was added and covered and allowed to stand for 4 h. This was filtered and the extract was concentrated on a water bath to one fourth of the total volume. Concentrated ammonium hydroxide was added drop-wise to the extract until the precipitation was completed. The whole solution was allowed to settle and the precipitate was collected and washed with dilute ammonium hydroxide and then filtered.
The residue was the alkaloid matter, which was dried and weighed [28] .
Twenty grams of sample powder was put into a conical flask and 100 ml of 20 % aqueous ethanol was added. The samples heated over a water bath for 4 h with continuous stirring at about 55°. The mixture was filtered and the residue re-extracted with another 200 ml of 20 % ethanol. The extract was reduced to 40 ml over water bath at about 90°. The concentrate was transferred into a 250 ml separating funnel and 20 ml of diethyl ether was added and shaken vigorously. The aqueous layer was recovered.
The purification process was repeated by extracting with 60 ml n-butanol. The combined n-butanol extracts and washed twice with 10 ml of 5 % aqueous sodium chloride. After evaporation, the samples were dried in the oven to a constant weight and the saponin content was calculated [29] .
Total flavonoids were estimated by extracting 10 g of the plant sample repeatedly with 100 ml of 80 % aqueous methanol at room temperature. The whole solution was filtered through Whatman filter paper No 42 (125 mm). The filtrate was later transferred into a crucible and evaporated into dryness over a water bath and weighed to a constant weight [30] .
Total phenolic content was analysed spectrophotometrically using a modified FolinCiocalteu colorimetric method [31] . The crude extracts were diluted suitable solvent to attain interpretations within the standard curve ranges of 0.0-100.0 µg of gallic acid/ml. Then the extract was mixed with 1 ml of distilled water in a test tube and 250 µl of FolinCiocalteu reagent was added. Then 2.5 ml of 7 % aqueous solution of sodium carbonate (Na 2 CO 3 ) was added. This mixture was gently shaken and allowed to stand for 6 min. The solution was then made up to 6 ml by adding sufficient amount of distilled water. Samples were allowed to stand for 90 min at room temperature. Then absorbance was measured against the blank at 760 nm using a UV/Vis spectrophotometer. This reagent blank, which was composed of the same reagents but instead of sample using distilled water. The standard values prepared similarly with known concentrations of gallic acid and plot a standard curve. The interpretations of sample absorbance value in standard curve to find out the concentration of phenolic content of the extracts. All values were expressed as mean±SEM for six replications [32, 33] . The total phenol content of plant parts was expressed as milligrams of gallic acid equivalents per gram of dry weight (mg of GAE/g DW) were calculated.
TLC analysis of various extracts of S. oleosa:
Based upon the preliminary phytochemical tests and quantitative estimation, the ethyl acetate, ethanol and aqueous extracts were subjected to TLC. The semi-solid extract was chromatographed by taking a small quantity of the extract diluted with a drop of the solvent. These extracts were subjected to TLC as per conventional one dimensional ascending method by using standard protocol as per pharmacopoeia was followed. In this method silica gel 60F 254 , 20× 20 cm, with thickness 0.2-0.3 mm (Merck) pre-coated plate was used. Plate markings were made with soft pencil. Glass capillaries were used to apply the spot on the TLC plate, 1 µl of sample volume applied by using capillary at distance of 1 cm and the 3 tracks and developed in air tight chamber already saturated with same solvent system.
In the twin trough chamber with different solvent systems: chloroform:ethyl acetate:formic acid (5:4:1) solvent system I. In solvent system II, toluene:acetone:formic acid (4.5:4.5:1). In solvent system III, ethyl acetate:methanol:water (100:13.5:10), In solvent system IV, ethyl acetate:formic acid:acetic acid:water (100:11:11:26) used. After pre-saturation with mobile phase, 20 min for development was used. After the run, plates were dried and allowed for visualization [34] [35] [36] . After development, initially three spots were visualized in UV chamber (254, 365 nm). In the present study, different visualizing reagents were used such as NH 3 vapour, vanillin HCl, 10 % alcoholic KOH, Folin-Ciocalteu. Always freshly prepared reagents were used to detect the better bands on the TLC plates. The movement of the active compound was expressed by its retention factor (Rf), values were calculated for different samples [34] [35] [36] . After visualized in UV chamber and spray reagents, the spots were shown in different in colour. The Rf values were measured correctly and carefully and the chromatogram were photographed and presented in the tabulated form.
RESULTS AND DISCUSSION
Leaves are paripinnate, w/(2-)3(-4) pairs of pinnae, petiole cross section circular somewhat flattened or slightly grooved above, 2-6(-8) cm long, swollen at base; rachis cross section round to triangular; petiolule swollen, slightly grooved above, 1-3 mm long. Leaflets are elliptical to elliptic-oblong, coriacious, 4.5-18.5 (-25)×2.5-9 cm, dark brown or greyish-green above, lighter-brown to greenish beneath, deep purple when young, veins in 12-15 pairs, looped and joined near the margin [9] .
Physicochemical standards such as total ash value (9.06±0. (Table 1) .
Comparative fluorescence analysis was performed for powder and the extracts. The powder was suspended with various chemical reagents, whereas the extracts were dissolved in same solvent. The fluorescence nature was observed and recorded (Tables 2 and 3 ) by comparing the color development in day light and UV (254 and 366 nm) light.
The aerial parts of the plant were shade dried and made into coarse powder. The coarse powder was extracted by continuous hot percolation method in a Soxhlet apparatus using various solvents in increasing polarity such as petroleum ether, chloroform, ethyl acetate, ethanol and water. Extracts were concentrated by removal of solvent under reduced pressure and finally residue was dried in vacuum. The percent yields were such as petroleum extract 3.26 % w/w, chloroform extract 1.35 % w/w, ethyl acetate extract 1.70 % w/w, ethanol extract 7.73 % w/w and aqueous extract 4.21 % w/w as shown in Table 4 .
All extracts were subjected to preliminary phytochemical screening to identify the phytoconstituents using qualitative chemical reagents. The phytochemical tests revealed the presence of phytosterols in all the extracts, alkaloids (ethanol, aqueous extract), glycosides (ethanol, aqueous extract), saponins (ethanol, aqueous extract), phenolic compounds (ethyl acetate, ethanol, aqueous extract) and flavonoids (ethyl acetate, ethanol, aqueous extract). Compared with petroleum ether and chloroform extracts, most of the phytoconstituents were present in the ethyl acetate, ethanol and aqueous extracts. The results of preliminary phytochemical were given in Table 5 .
Based upon the preliminary phytochemical test, quantitative determination of phytoconstituents were carried out for the powdered plant material of leaves of S. oleosa by various standard methods and found the alkaloid 1.32±0.56 % w/w, total phenol 71.92± 2.92 % w/w, flavonoids 9.69±1.38 % w/w and saponins 1.15±0.21 % w/w were present. The values were recorded from the mean of six repeated observations (Table 6 ).
Based upon the preliminary phytochemical studies, ethyl acetate, ethanol and aqueous extracts were chosen for TLC studies. The chromatogram was developed for these three extracts with four different solvent systems. The extracts showed distinct spots with different intensity, spots were identified with the help of various visualizing agent and UV chamber ( fig. 1) . The resultant spots Rf values were calculated and summarized in the Table 7 . The results indicated that the leaves contained an appreciable amount of bioactive compounds. The presence of these phytochemicals especially the phenols and flavonoids might explain the use of S. oleosa in ethnomedicine for the management of various ailments.
The present pharmacognostic data accentuated the awareness of quality and identity of the plant S. oleosa. The qualitative and quantitative parameters showed the important information of the plant. These studies revealed the presence of various important bioactive compounds and proved that the plant leaves can also be of medicinal importance. The plant being a morphologically variable species, these information will also be helpful to differentiate S. oleosa from the closely related other species. These results may help in standardization, identification and in carrying out further research in S. oleosa leaf-based drugs, which are used in traditional and modern pharmacopoeia. 
